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(2) 

1 

mi^m^iiit. ^<Dm2<Dmim^mi^m±mz^ m2 

Cit^RJl2 3 Mitl^260^>fl:!!%¥^#:ii/j-'1S^^o_^^l: 10 

^m^mn^z^mcom-im^mim'T: ,. 

f>zpm^mm0:^cr>mM^^.^^izm^^ztizx*) . 
m2com{m^^i^m^<^pmr-mms^m^mi cornet 20 

[00013 

( I nxA 1 vGai-x-YN, O^X. 

^m<m^i^com^:m(fzm-th . 

[00023 30 

[ m^com^j 3 uim^mt-mmim^ led. 

^\^EDconmtLX.^ni,mAifZX^. yiWj^y-X-, 

ffi■?■#F^i^H ( S QW : Single-Quantum- Wei 1 ) CO I n 
G a N J: y)^j:h'^'miJ^^±fifci^:rfi^^-rumm^^ 

fi2 0inAtIi>l^T^£^^4 5 0 nm. ^{fit|H2 0n 40 
m . ^;^2 c d , v\5ai:^ 5 ni $'hgK:S^-^^9 . 1 % 
X'h^. --Jj. $ifftLEDtif3Il:,<2 0mAl-jDV^T, 
?fc7t2^-M525nm. ^-fiijg 3 0 n m . TtlJ^ecd. 5t 
m-;: 3 mW . ^'hgpa-T^J^ 6 . 3 %'C5S S „ 

[00 033 trz^li^MAl^t. M}&^comA^m\'^X^^ 

)\^Xmmr. mMXCOA I 0 nm<P:i\y-^'mi^^\\k^X' 
^lsbX%^tt:mx.l'X^ Jpn.J.AppI .Phys.35(199G)L7 
4, Jpn..I.AppKPhys.35(1996)I.217^-}, dOV—^m^ 



Wm'^^l 1-68 1 5 5 

2 

mm2ms<^^i^x\ mmm.m.e 1 omA. fiafim»fL^sf 

J^S. 7kA/cm^ 4 1 0 nmO^JI^^^. fiSf^L 
tz U—^m^i> t ti . Appl . I>hys. Lett. 69 (1996) UTTlZ 

ti^^x^mLti. zcou-^m^^i. p^mjm^^i^ 

mcr)-mt,z U »/ i^x h^^zrfmitii.t^titimm^1^LX 
0 . 1 /X s . ^VUXMM l m s . x^— T- ^ 

-JfcO. 1%T\ fl{(g^xSl 8 7mA. I^^S^^g';'^3 
kA/cm^ 4 1 0 n mi7>|£|i$:^'^\ $ A>t::2|s:ai^ 

;tf^. Hj^JUx-^hDJi^X 1996^12^20^ K^fJ^ 
fg. Appl. Phys. Lett. 69(1996) 3034. AppI .Phys.Lett.69 

(1996)4056 ,lco^'-ifl^^'-ti2 0r:(::^^v^T. fia 

fdSmx^[^^^Jg3. 6kA/^ciD^ f^iS^S. 5V. 1. 
5mW|±l::fjt^i3UT, 2 7H^f^C0iS*j!%^^^'r* 
[00043 

i^^m^^rz^m^r^u xiti^nDtLxmzmm^t^ti, 
m±fmttix^^:6. ^t:L.Di±mm^t^B^Lxm^- 
^it^mttix^^t. ::ixi^LED. ld6oj;3^^ 

x^^ytmmtmmlfzm±^^tt:iti}^x'•^:^. 

X. ^?mi^:icoJ:d^mm^m^xfS.^tifzi>(DX'h 

[00053 

^ti , i^^M±mz p m:=^^^^^tsm i (T^^-fn^^^ 

mt. ^(^m2comimmmi^mj:.mz. m2(^mm 

mh{±mLxmm.^M\i^ti:<xh)^< . ^^^c^ico^ 
m 3 (^mim^-mm^ t\,tmLxmfk^fix^^ti:<xi:> 

[00063 $ ^btC2|s:^njlco^^t:?fe|^i4r^^ti. Hute 

[00073 -^^H)j60M^i:!fi3^-^«s<7)^^:^^{i, 



(3) 
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[0008] 

"^c?5i|l— S-?#F1Sa^cO 1 n G a N J: »:) 

m3^pm^m9^i^m7tmm^tix^^':*x^^h. 20 
m3i7)pmm.^^^i^m7<^)im-^m(fZii^ m6i^<^ 
±isMmx^^7^pn^si)^m^^ti. ^co±wums 
commzitt^y'r ^ y^mco^^-/ vfm9im^^fi.x , 
i^sl -':fjpmm<m^'mi^mmi}-^::^-/^yiri.xm 
ii!,^tifcnm::3y^^hms<^mmizi±nmmi ofj^m 

too 0 91 tti. Il2tC<ri7)LED^^^S I MS 

(iLd:^^ym^^rrmm) i^zXKi^^LtiT"-^^^^ 

M g tivs-M .1; "9 1 p mamz^/m Lxi^^zt^^Lx 

x>'N° y:?'UT. \i.\x<^^7tm^^rrv. mmiz^^. m 
mizMsmstt. 1 n^.^^t-?x^^Lx\.>^. ;i<^x 

i,z^^xdcmi>zA^t^<^x^x o \,zmm^ixfzm.^^^-'m 
^m^^\.x\.^h. 

i: 0 b 1 0 ] -^?tm(^m^-xtitpm.^w^^'^xsm \ <n 
m\m^-^^m3<r>>c\,z. pwrn^t-mkY-T^ti 
tz%2<7^pmmtwmwm^^'^\^x\*>>h. ^<n^2 /lo 

}Lif^x%h. nh. -^liy^^vm^x^xmwthpm:^- 
wm-ni'mxz K -r 3 <7) p mmm^M^ 
t . ^<^m30:ipmm^tw~mm^j: o t^^mEf^zt^iS: 
i^tiimifZ . p rn^mimm k ^ titcm 2<^)pm 
^itm^w. tsi^Azm2(r>mim^wx^)h)[mM 
izwi L/zimcz pw.^<mmimmmz )'-y^tcAz^. 
i<7:>pmm.im^'mi^t^mt^ztifzx^. ay^^ 



[00 11] vg14Ji4(iii^=5:<i:t> 1 n^iS:tfm.im^ 

mm:t-t^. ^rmimm 1 0 0 v-^^^x h 

T. ^ioC^^^L<ti7 0:tV:/Xhv:7-i^OT^I n 

iiYGai-vN (0SY<) . mL<iiA\v G 
ai x-N (0<X'^1 ) ^2 0 0^>':/Xhn-Ai^ 
T. ;^A,Ciff^L<tSl 5 0;t>^^Xhn-yAOTiOag 

, [ooi2imi<Dpmm^m^mi^m5t,ipm.^im 
^^tfmim^mi^mx'mf^^tix^^tiim< , #t^vg 

^f*:$:)lllKL.. fi^;c{fHafBc7)J; 9 tCA 1 x Gai -x N (0 

^x^i ) ^HftLK^m^^. -:^v-y^^pm 

^-mmmit l X l Oie/c^l^Xli. l X l O^i/cmSl^Jl 
T. $^«f^L<(i5X10i«/cin3tLt. 5X10 
2o/c#t::ii^-^--S. pM:^*ig!|^gfcLrtifi?i|;ttfMg. 
Zn. Cd. Ca. Be. S r^<7)Um7^^MtL<. 
F-r^^. $/^tz;^tO|gl«^^L!fe4^«5JiS-SvHC 
2l^comm^i^mij^^^tiX^j:^ 

xhn-AOT, ^^\znt.L<\t7 Oi^y^:^hu-~ 

hm^. pm^<nmm:}i<r>mi>z}^-y'i.xi:,]r^^^\^. 

[0013] t^2<r>mm^Y-m'm^e\,mi ff>mim^' 
nw>ms\,zmhxwM^tvt\^'^t:iht-mt.L\'^t-. n 
c^LT?i^iiSc$nTu^<Tt.i^i^. mt\,mitm2 
omim^m^m t comzm:^^ y^y^ h a- aot^o 

x'^h. t.fz. r^wmtm3<^m.im^^^wmeiizm)^ 
Lxwm\z6^^j: <^£hXo i,zmm-h z t ^mt ui^ 
i)\ ^^imzpmr^i^m<^\~y^^'j'-^j:<txm2co 

i^m(Dmmim(fzmo h(ox^i'^j:^^tK ntv<\i.'m3 
(Tymim^mmEtm-mf^t't^^. m2a)m.^m^-m 
mmmimt2Mmi;xf. $ i^i,zMtL<it\ umi^j. 

2<r>mim'mi^m^mim^i^(^^mm m^^^ 
'^t^)mmtLx, ^<7)^mmmm'^mitwmi^ 
mcopm'A<m'mm}K^}mmf,zi^-^j:<^^hx -j iz lx t 

c 0 0 1 4 ] m3comim^'-Bi^m7ii. pvm^mm. 



(4) 

5 

miJ^O. SOTOA 1 xGai-xN (OgX^O . 3)t 
nWm3hn\:.<. IXlOis/cnr^l^lJi. 1X1021 

COO 1 5] 

[0016] [^MCajl]^f7r>fr (0001) 

)Vif^}^J^) . ry^::^r$rj?!l^T5 0 0"CT'GaNJ: 
»:)^;S>>"<'/:7rM^2 0 0^>':?^Xhn-AOj^T'^ 20 

[00 1 73 <iCtr2SJg$- 1 0 5 0r;C3_t#^-tf:. TM 

X. S i ^1 XI Oi9/c#K-rL3tnMGaNji=^ 

ioo 1 s] m:^i^m^ s 0 orzizLZ. TM I (hO 

ISfcLT. rvK-n no.4Gao.6Nj:0^^#Fii 

COO 1 93 <i*:tC?ai^^l 0 SO-'CtClLT. TMG, T 30 

>?xh/WV7'^''i^»>A) IVIg$r 1 X 1 O^O/^cm 

3 F— 7°L7tpMA 1 o.3Gao,7N i >)^-|,li^l <nm\t 
m^^^m^ 2 0 0:t>':/>^ ha-A^H^TfiSc^^^-li: 

C 0 0 2 0 3 1 oy^mi^^Wm^mk. WM:^:^^ 

loso-cT. \^m?^-w^ifm\\'-y'^titzo<x 
ni:n^j:ht^2.<nmm^^mwm^o. iSiAm<r>mm 40 

xmM^^h. faLCp2MgtiMFC (vx:7a-r? 

dtcpmt. ^2c?D^Yl:!f^^-^Mcj'/^-^L^^'&i^tc 
(i. Cp2Mg<7)gI[M7&^'0i:^'&ct dC-r-^^ 
C 0 0 2 1 3 m2i0^^t:if^^-?^i*:Jef^-mil'. TMG. r 
>'^:::r. Cp2Mg^ffll\ M g 1 x 1 0 ^o/c^ H 
uycm3C':im!|«!)^{4^^^ 3 0 0 :t>^^:^ h n- 
M.o:^W^X'\m^'\t^. 

[00 223 vxh<^^ o iz Lxmrn^-mi^^fSi^-^^t 
tz^/:c-y\i:Rmmmiz:h\^x. mm%mm^7 o o 50 
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r:x'T::~-v>^^m\ r^mr-mm^v-yLfcm^ 
m^^t^i^m^ww^. RiE^®t3j:o«^±/iio^36o 

m3(Dmm^m^<^m^±m\>z^ i /a u i O'S:^ 
^w^m^ 2 0 o:^^:/^ hu-j^cnmmx'^mi^. -e 

m\v,^^tznm^y^^hmcr> 

[0023] \^XL(^X 0 tcLrm^i^ffMtit^x-yN 
^3 5 0jLzm:^CO^'/rtC^^L. IBt$ii-:^ch.r^2 
OmAtCiit^T. Vf 3. 2V. ^5^M5 2 5 nm.^ 
^m:^3. 5mW, ^'hSPS^^^T. 3%t^»3,M^ 

1. 2^t::rtii±L^. 

[0024] \.mmm2^mmmiizt:i\.^x. mic^m 
G. r>'^— r. cp2Mg$-gftL, io5 0t;t\ p 

M^^JiEI^J^ 1x1 Oi9/cm3 1— rL;tG aNJi^ 5 0 

0:^y:^XhXJ-J^m^^'^. mzcp2Msco^m.^ 
^x.X. Mg$r5X 1 Oi«/ciif* 7'LJtGaN7g$r 
5 0 0:^yi/>^hu-J^^^^-^^ mzM g 1 X 1 0 
18/CID3 }''~y'LfzG a N^S- 5 0 O^^y^^X h A 
Jit^^ii:. ^^tzMg&H-rLTl.v/cUGaN^^5 
0 0:t>':?^:^bn-A|t^:^^1i:T. IgMi^O. 2/xmO 

m2o^'ft!fei¥^tts^^^;^$-ii:^, ^(^mimmii 

[0025] C Mgj^ 3 J (1 3 {i7(^ffel!Rt;:f^ ^- U—T 

[oo26]Hf:7r^r(oooi) m^^Mt-T^m 

mcrf±f>zGa.NX ^^^^<-/y rM^iYLXOsiN 

1 2 0Mm<7)mW^X'ym^-^tzG a 
lOOM^-^. dOGaN-Sfi^l 0 0$:^r~.7T^r 

^io50'c^-cjiff. mmmitmmf^zLx. GaN 

^1 0 0±CS i ^ 1 X 1 0i8/cm3 h'-7-L/;:Ga 
NJ:t)=5:-SnfB!|/N'v7riai J ^4 juni^:*)^!^^^-^^^ 

mxho. mt\>tm^micr)Xo(,z^ -^yr-ir. s\ 

9 0 0X:l;kr<^^^(fZi5UX. GaN. 
AIN^S-. 0. 5//mI.:JlT^0ligJ.p:'Ciraf^-^$-ti--S>^< 

'vyrm2ti±myjn^ti^. 

[0027] {nm^y^y}^mi2=-m^m^'f'm)m 

l^T, 1 0 SO-CT'TMA. TMG^ T^^-T, i^^^ 
>^/7XS-|fK\ S i 1^ 1 X 1 0»9/cni3 b'-7"L^cnM 
A 1 o.3Gao.7Nj:0=5r-S^l cr>m^^ 0^yi^Xh\^ 
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7 

[0028] (ni0!l3^;^r>f l^^l 3) j^dV^T, i/^W/ 
X^ih^. 1 0 50'C-er>'h'-rGaNJ:0=5:-Snfini 
^y/^ t-/il 3^0. lMm60TOTJ^t:^$-^i:^. 10 

GaN. \ nGELN^m,^-^^6^tti^mtL<. M'^ 
1 0 0:^ >'^^;^h 0-^—5 jt/m. ;^ ^(zSf ^ L < ti2 
0 0 ^y^X > o-^— 1 >Lx mi7)MlT'i^c:^$ii:S i: 

COO 2 9] ():^imi4) mz. mm:^j:^i^zTMG. 

vSffili4tiiaj[^^8 0G*ct;:^^^LT. Ty}^-yi 

i^^^T-fnl— ?a;^T\ r>^K-:ri no.01Gao.95N j;0 
h£7:)i^f^^2lHli^0igL, ffcf^Ci^FiM^fil^ U?t 
QW) cor^W^tr^^-^^t:^. '^iimii^$mm(^J:d 

to 0 3 0] {pm^-^y-rmr5^micomm^^m 

i^m) <^ffZ^ 10 5 ox:tz:±:tf . TMG. TM 

^F^'yr:ji;t-yU^-//:;^^CV Mg$r 1 X 1 O^O/cmS 
H-rU/cpMA 1 o.3Gao.7Nj:>9^-&pfl^A-/r 
1 7 3 0 0:^y^^h\^—M.(^fimX'^-j^^it^ . 

0. ijuLmi^xfcDmrnTim-^'^^t. pm^^-vym 

3(r}mm(^'mitmzm^t^^w. 1 o^^yy^^vu 

too3i] (pfia^y/'-r 6=^2io_^.fl:!f^5^ 
it:^) vm^-^yym\5\^mk. ^i^-rMG. cp2 
Mi;. 7'>'^:^7'^jTiv\ mmMhmmzvx. 10 
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N J: 0 p fiiTfex? Hii 1 6 ^ 0 . 1 mcom?-ci£ 

[00 32] (pfiWi^^-y HIil 7) ^WT, 10 50 
r-CMg^ 1X1 O20//cm3 h'-rLv^^pg'iA lo.sGa 
0. 8 N j; 0 ^-^m 3 4 0 :t ^-^/X h ACOl^Ji: 
f^-^^ii:. ^(.•*TTMA^o;^^jL*^. rvK-TGa 
N J; D=^'&^4<?);i^4 OTl-Vi^^X hT:7-A£7>iUPT'JjR 
-^LT^CO^fl^^^iX-eiXl OOlHl^i^jK 

V 1 7 ^WM-^h „ 

[0033] (pfSgny^:5^hiil 8=?fS3 0ffil:1^^ 

) muz^ 1 0 5 o-cT. vm^vv ym 1 7co 

Mg$'2X 1 02t»Xcm3 K-VL:tpS9GaN.J; 
'7=5r'&piH!I^>':?^h/il 8^1 5 O:^^^:?^^ hn-^ 
coJ^i^T^JI$ii:-g.. piMr7V:$^^hJgl8tip^coi 
nxA 1 YGai-x^YN (O^X. 0 ^Y. X4-Y^ 1 ) X^ 
^^^Ctti^X'^. iif^t<tiMg$-b'-3^t:^GaN 

h^-titf , p^^2 1 tmi^nt, Li^:t-5 -/^m&^j^ 

i^vrpSSA 1 YGai-YN^-^0.^7^^gf&^flS 
it^Opfi^^^-y Kill 7t::|gL'C. /^yV^-r^y^JL:^ 

yU^-W/h^u^-ft^^^^^pfUlny^:? MMfc t 
^<^mm^:5 0 0::tyi^:^hU'-M.i:Xrtm<LX 

K^htMz^ mwmzpm::3yi$''^hmis<:o^-^'jr 
X. mf-(omm.mm. w^fmr^-^. 

[0034] VJ±<7)X 0 (,Z Lxmim^'mi^t:^-^^-\i- 
^C^x-M^R/e^^l^ItC^^V^T. ^^#tffi^'1^7 0 0 
X:tT-- V y^^rr^^. pmPV-mat: l^-TLtzMi: 

^i^izmmit^'tt. 

[0035] r^- 'J y^^k. 

<7)pm::3y^:^hmi St. pfi:?'^^ v HJgf 1 7t^:r. 

y^<o u 'y i^j^^h^'h ZL t i.zx 0 , '<mMoy^ 
[0036] ^)-/zymmk. pm^y:^^\-mis(7y^) 

y i^'f^ifij t:N i/AuJ;0=5:Sp^<5'i21$:XN5^-< 

ymzm^ L . p 2 1 vm<r>mmmomitwmw 
m(ni,zsiOzX^^xhmmm2 3^m^L. ^^o^ 

152 5^:rt-L.TplriM2 1 t^^mmiZ^mLtzp ^^^ y K 
1riM2 2$:?^j^^^„ 

[0037] iaJii7:),t 9t::LT, pm#}$-?i^ii)tL/c^-T, 

mk\.. GaNa^mi o(^mm^n^^^h. n^vtz 
GeiNw^mmm'x-mxkzT i /a i j: o^:^ n-^m. 
2 3^mm-^<^. 



9 

[0038] mmmrnkG a n^^om® (mm^ 

too 3 9] :i<DU-^-i~^yy^y^-:^T-/y (mi 
lit. ^Mticomm^v-i ^-^^yr ^ yi^Lx , ^ 

m-4 0 5 n niCOjiS^igA^S^tt. 1 0 0 OB-^f^l^Lh 
[0040] 

>ft:!fl!i^?ii*:jgt. pM^^^^< K-rt;tM^i:?S5^ 
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1 0 

10 [^^-^coiftHg] 

1 - ■ ■ 

2 ■ ■ - /s^.yT? rJi 

3 ■ ■ nfai:3>'^^ hm 

4 ■ • ■ MtM 

5- • 'm\<^pmmjm^M^m 
7- ■ ' m3o:,pmmim^mmu 

8 - • - ptE^ 

9 ■ ■ • ^N'v Km^^ 

20 1 0 • • • nmfiH 
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(54) mmoi^mi ^im^mi^m^ 



ti,ZX^. LED. LDC0£li:^3^r^^I±:?'^^o 



1 



.10 




(2 

1 

imm 1 3 ^m±m^z pm^^m^^^o^ i <^m. 
^com2(Dm{m^m±mz. m i com^m^i^ 

im^m3 ] m^2(omim^^mc^pm^mm 
ixioi8i,xtixio2iOTT'$>^<rt^^ 

[0001] 

mm^F. ^mm. it^y'^~m<^m'mf^zm^^ 
o^Y. x+Y^i) ^^^j:m'iFifzmt^. 

[0002] 

m^itmmmtpmmitmmi^mtcr>m(,z. 

( S QW : Single-quantum- Wei 1 ) CO I n 

G a N J: *)^j:6m^t(^mtifzyyfu^^um^^^ 

LXi^h. mmco^m^l nOaNvSttltOI 

nmtt^rmr^^IhT'^^^ix-C^.^^o WILLED 
ti2 0 mA^ZtS^^XWtik^^ 5 0 n m . ^mM2 0 n 
m. 3l£jg2ccl. 3tai:*3 5mW. $^hM^^9. 1% 
T'^^l.o $ifeLED«i[it<2 0mA(C*3V^r. 

^^^5 2 5nm. 4^Mfli3 0nm, 3l£Jg6ccl. 5i£ 

[0003] iJt^ajPAti. mj^:i<7)^m^m\^x^^ 

)VxnMT. m3^X'(r>A 1 0 nmcou—r^^^ritt^t' 
^T^Ucteaittf. Jpn.J.AppLPhys35(1996)L7 
4. Jpn.J.Appl.Phys.35(1996)L217^L ^cOU—f^^ 

-r-S^y/P^vf-o^iHSri^L, v\Vl/X|i2^ts. /nVI-X 
i^Ji2msf7>^T\ TOm^6 10mA. ^M^^^ 
Jgt8. 7kA/cm2, 4 1 0 n mO^^^^, 5Sf^L 
?t U-f'^^ ^, ^ 7t . Appl . Phys. Lett. 69( 19%) 1477tC 
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2 

lc;^>-^tzg yi^xVy^nm^^ixtzmm^^LX 

-ito. i%x\ mmm^iBimA^ mmm^mm 
iimSiXcD^^izi,w>xm}L. m^Lfz. m 

Appl.Phys.Lett-69(19%)3034. Appl .Phys. Lett. 69 

(1996)4056 m). ^^ow-if^^ti2ox;t3i>v^r. m 

Mm^^J^3. 6 kA/cm2. irnmE 5, 5V. 1. 
[0004] 

[^ra^ii^fif^Liot-r-S^] ^OJ:3(l^^!|l?^ 
i*c^fflV^f^3^xy<>f X\±l.RDtLXmzm^^^iX 

ito±*-iiitLTv^s, tfzi^Dummit^BmLxm^ 

"f^U xcr>mili^:h^\^±^'^hZbt}^X'^tHf. mu 

Lfzm^^^-t^ixmm. %'^y^~-^<r)^itf^u 

x<r>^mimi:>nmz}fl\}L^^h^tt-X'^t. 
^WmW^m'f'^imirh <r i: J: 0 . ±h LT L E 

D. \^X><7)^^^^}L^^t^t{Zht. 
[0005] 

mm:mm-hfzi^m^m mh. ^wmmT<m 

{ 1 ) '^^hmzpmpfimi^^t^m i <^mm^ 
m^^mtm^^ti. ^crymi<rym.^wmwmhmz. 
^(om 1 comitmmi^mcopm^mmmmj: ^'ym.<n 
pmTMm^%t^m2(om.m^mwm^mx.. ^com 
2comim^m±m^z. micomitw^mi^mcop 

{ 2 ) mi^ 1 i7)^^!W^f4c^<7) p m^-mmm 

i)\ 1x1 0171^1:1 XI OZOOTT'*)^^^^^^^^^ 

•t6mm ( 1 ) \,zm^(Dm±^mim^. 

( 3 ) la ^ 2 co^^ife^Mco p m^mmrn 

( 4 ) iy le^ 3 (Tymitwmi^mco p m-^immm 

i}K ixiQi^WLlxiO^^UiTX'htZt^^t 

-rsiuiE ( 1) - ( 3 ) <D\,^i^t-imffZtm<7)mim 

[ 0 0 0 6 ] 0 , ^wmm^<r^±mzmm^ti 

mzpmT^wm^^m^^ixtzim^pmm 
VLwm^m(7)wmmmtrh:itx\ led. ld 



(3 
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[0007] 

0. M^imitziiLEDmi^mm^^LXi^^. mi'm 

mtLX\i.^yT^rX^^j:tmLlcr)±i,z. GelN 10 
c^:0=S^^>'^' /7T^2. S i K-TGa N J: nig 

MgH-rAlGaNj;0=S:^^lOpffl!lMfl: 

m7tmm^tix^x->x\.^h. mst^pmmim^mi^ 
mycoim^mizii.w^co^^mxn^^pmm 20 

m<DJ^y\'^9^m^^tix\^^h. -':f3P^im^ 
mi^mmi}^i^:r,y^yyLxn\ii^tifznm^yi^i^h 
m3<7)mmiziinm^i ofpm^^tix\^^t. 
[0008] ±^co*p<. ^^m<r>m^ii. mi(7)pm 
mim^m(r>pmTM^<7)mmiznL. pmfm'^ 
m^^:i^-^j:<m^^tifz\.^m2<7)p^itwmi^m& 
x/pm^wm^^^<m^^tifzm3cDpmmmi^ 
m^commmxm^i-^ <i t c j: "9 . m^m^?^ 
ii^^^:^^±^'^t:iti)^x'^t. ^yi^^hmt 30 
LTf^ffl-rs pm^mmmmmifZ F-r^^TJtm3co 
pmmim^i^mt. ^c^m3<7)pmmim^m 

X^i>^W(.zmj5:Lt:m:i^z. pm^^mst^micop 

^-fLifti^i^i. ^i^(,zm2(om'{m^mi^x^hi^^ 

mizm)^LfziiLmf,z p M^^!t^9;&-'m 3 J: 0 ii'-^ < M.-:>m 
2J;0^< N'-r$:fi7tl^iOpiiI^fl:^i5^rat$: 

[0009] vStt^4ti^^<fctIn^#Cfm!fe¥ 40 

IS^t-r^, ^rai^l 0 0:ty^XbO-Am 
T. ;?^^tc$fiL<ti7 0?r>^xhn-iNOT^7)l n 
xGai-xN (0<X^1 ) X-m^thZtimtLK. 

nvA IzGai-Y-zN ( 0 ^Y. O^Z. Y + Z 
^1) ?:2 0 0^y^Xhn-AOT. ^^>(3lff^L< 
ti 1 5 0:tyi?^X hn-AOTcoHipT'l^^-rS^ 
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mi^^m^L. ^;c(^BqiBcoi:3(CAlxGai-xN (0 

^x^i) ^mK^m^t^. mK^P^^m- 

mm 5 K-T^|> p M^^Eifisii^ti. 1 X 1 0 1 V 
cm^tLb. ixio^o/ctfOT. iiF^L<*ilxioi8 
/cmSJiLh. J:011f^L<*ilxioiVcm3t3^-t 

J: ^^<K-:^m3comitWmmX ^^J^-^j:<^j:tXo 

m^^ti^. pm^u^mm:^'±immxht}i:^^M 
cnim:^nh(o^znt u\mi cop^im^m 
5{z]^-r^6ztcox'^i>pmyfmmtLxi±. mt 

tfMg. Zn. Cd. Ca. Be. Sr^CTHimtM^: 

mL<}^-Ti-6. ^^t,z;icDmicom{\L'mmm 
^K\^^zmmcom^j:6 2^(omitmmmi}mm^ 
fix^j:mm-mt-thzti:>x'^t. mm^mt-rh 

0:tV^Xhn-AOT. ^i^izMtt<i±7 0:^y^ 
xhn-i.OT. Mh1S-tL<i±5 0^yi^xhu-A 

WF^mmiz^tt. mmi}^ii(om^xhhtmtii^ 

mmmcm^^i)'^ < =^ o , ^ ^z\^±-t 
mm-mt^hM^. pm?c-wmmii<^m\,zY- 
rLT*>Rv^L-. \^^n±^is<nm\.zY-rLXi>^ 

[0011] m2<Dmitwm¥ifime{tw, i 
mwms\,zmLxm^zixx\^hz.tim^L^^i)K ^ 

O^ltiffe^^^s^ t (Tymzm.'^i^ y^x h o-AOTcO 

X'th. m2aywm^me\,z\^-T^f{,hpmp^ 
mi\t.miBafm3ffy^mim^wm5. 6j;ot 

1 x 1 O^o/cm^^p. If^ L<ti 1 X 1 01 Vcm^T. 
J:»)i?^L<mxio»Vcii^tciig-r-So ^n!l^2 

iiv ^tz. ^<7ywmH^zii\^x . W,lMf^3<7y^m. 

m^m^^'>^j:<^j:h^ym^^ixh. pmM 

^^^mA^±M^d^Xhht^micrymk^'^h<ry\zi^^ 

m2aymmi^miz}^-r^ixhpmT-mi 

\,m 1 cry^m^m^z k-tt^ h^-Wkt mk<ry 

i,mmf ^fih . 1^ 2 oM^!B9^«c^os^ti^*c 

^2O^^I:!R9^f4s^£0il©ti2/z 
mOT. ^ht,z^t.L<\tl^m\:XT. #i>tEF^L<(i 
0- 5/imJ,:lTt;:P^i-|>, ]^?&^'^tOffli-C'ab-S.i:3^ 
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[0 0 1 2] mscomitm^mmni. p^^m^ 

mtf^O. 3OTi7)A UGai-xN (O^X^O. 3) t 

mim^m7(opm^wmmi±. ixioisycm 

3tUi. ixio^i/cm^OT. :*«F^L<tilxi 019/- 
cfl^JiLh. J:DliFtL<ti2xiO20//c#ti^-rs^ 

<^^m{tmmi^mx*)^<^j:^xomm^tih. pw 

^y:$^^hmtLxi^m-thm3(7)pmm.im^ 
m(ommm< lx. mmmi>zpmT^mm)'-Tt 

^Z.t(.zX^::iy:$^^hmLti^i)^t(OX\ Vf (Jl;^ 

i^mcnmmhtxMimi^zii^ lumWF. ^^^izm 

[00 143 

[00 1 53 [|IJfeC^l]-9-7r-fr( 000 1)®^ 30 
^ffit-r-SS^^^fflEL. ^m:^'X{,ZTMG ( h'J^^ 
fUA'^J^M^) . ry^:^T§:fflV^T5 0 0'CT'GaNj; 
0^^>'^''77r^^2 0 0^y^Xhn-AcoJ^m 

[00 1 63 i^t::iajgS: 1 0 5 0X;t3±#$-t^:. TM 

Si^lXlO^Vctf K-rL:'::nMGaN^$r 

[00 1 73 i5C(c:iajg5r80 0T:(CLT, TMI (bU 
>f-yMyx^A) . TMG, Ty^:::T$-fflV\ ^tt 40 
^fctT. ryK-TI no.4Gao.6Nj:0=5:^#F^ 

[00 183 i^{Cia^^l0 50t:t^LT. TMG. T 
y^-r. mi|*j;<f:^i:LTCp2Mg (i/^'o^y^J^ 

v^Xil/PV^^i/'^A) ^fflVV Mg^lXl0»9/cni 

3 h'-r L/:: pMA 1 0. 3 G ao. 7 N J: ^^^m 1 ^o^^b 
^9^f*l^ 2 0 O^yi/x Hn»AOJTOm;^$-t^: 

mttxm-t^. 
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±ib^ MV^TH^TMG. ryt-T. CpzMs?:^ 
1050X:T\ Mg$rlxiOi8/cii?F-TL>^v: 
GaNJ:0^^m2^M'ft:!W^f*c^^O. 18/imiO 

[00 203 ^2cO^^!M^«c®fiK:^. TMG. T 
y^-T, Cp2Mg$rfflVV Mg^2xl O^oycm^H 

-rLfzm3<r>mim^i^m^ 3 0 o:ty^x hn- 

[0021 3 VlhcoX 3 Lxmimmi^^^M^^ 
?t^x->'N^RJ5^f^tC±5V^T. ^Ifflm4»7 0 0 

x:-cr-- 'J y^^ff\'\ pm^um^ v-rLfzm^ 

^i^lzmm^^it^. T=i-Vyi/W:. '^xWN^^ 
^^^^i^IXOmL. RIE^^CJ;0ii±^co^3^O 
^-fl:!B5^«=™;&-^x.y^y^^fTV\ nmS^m 
-r^Sniiny^i^NJico^ffiS-^tfi^iirS, ^±^£7) 
l^3Om!ti9^i4c^C0t5t2'^ffitCN i /A u J; 
^WM^i:2 0 0^yi^Xht3-J^<7)mmX'm^L. ^ 
^O^Mmfii^O-gpC 1 ju mCOM^T'A u j: 0 =5:S>'^°'y K 

mfiiSrm-ri*. -if. miii,^^fznmayi^9 hm(r> 
[00223 0 (cL-cm^^mt^c^x-^N 

^3 5 0/xm^£7)f'-yrt3^liL. ^$-^AcfcC62 
OmAtCiJUT. Vf 3. 2V. ^i^;^525nm. 
p|£tU;l33. SmW^^V^R^mmi. 3%t^D,«W 
Oji^LED^CitlSLT. iSJl^l- 3^tC|6j±Li^^o 

[00233 immm2']mmi\nz^^^x.micom 

^!tl94^«c^CMg^5xlOi9ycm3h'-rL. ^2 
OMfl:!tiJ^^«c^t::M g ^ 5 X 1 0 » 7 ycnP K-r L . 
m3cOM>fki|i9^*|s;it3Mg^ 1 X 1 O20/cm3 b'-T 

L. ^(Tmimmf^zLxn-^titz^. mmmitm^ 

[00243 [mjm3^m2i±^^f,z^6-u-^ 
m^cr)mm^^'tm:m^j:mmmx'h^ . ot. ^^o^ 

[0 02 53 -»t-7r'fr (00 0 1 ) m^^Mt-t^m 

m(^±izGa.NX^^j:ty<yyTm^itLXG3iNJ:^ 

^j:tm^B^l20jJLm<ommX^^^^tzGeiNm^ 

ioo$:fflS^So ncoGaNmwLi oo^-v-y T^r 
<o±irzm^^-^z^x\ mmmmz^ yhL. ^ 

^1050X:tT±if. ^mitnmffZLX. GaN 
^1 0 0±CS i ^ 1 X 1 Oi8Xcm3 h'-TL/:rGa 
NJ:'7=3:^nifflp\^y7r^l 1^ 4jjLmC0]^mX^^^ 

^;itfl»0qi^Oj:dC3. ^yr^T. Si 

9 0 0X:WF(rfmSiizt5\^x. GaN. 

AlN^$:, 0- 5AtmmT£0^Ti:^^:l^itSyN' 

yy7m2tiim.m^ti^. 

[00263 {nmi^yymi2^mi^mm-m)m 
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A) . TMG. rvt-r. i^yy:^'x^m^\ S 

1X1 F— TUcnMA 1 o.sGao.TN J: 0 

^^1^1^7)1^4 0:t y^XhO-AcOlUiT'^:!^ 

^^^^l. ^Lrmi^+I^2^-Fm 1^+1^21+ 

•I^J: D ^-s nm^ ^ •/ Kll 2 ^^m^t , 

10 50X:rryK-rGaNj:0=5:Sniai 

GaN. I nGaN$:^:^$-^^.rfc*^'II^L<. MS 
10 0:t>'^XFO"A-'5Atm. ^^(,zMtL<{i2 
0 0 :t ^-/^ F O-A- 1 JUL tncommvm^^-^t Z t 

[0 0 281 {m^l4 ) mm:^'XfrZTMG^ 

TMi. Ty't-r^m^^xm^i4i:^^^^^, 
vSlMi4(iia^^8 0 0T:tc^^Lr. ryh'-ri 

no.2Gao.8NJ:*)/c-g>^t^Fl$r2 5:tyi?'Xho~A 

(r>mmT^m'^^. mzTMicry^fu^^mt^'t^ 

(r>i^X'n—^X\ ryH-TI no.oiGao.95NJ:»3 

;icomm2mmmL. mki^z^^m^mmtfz 

Qw) co^m^fSiM^^t. mmii^mm(7)Xo 
izryv-rx'i>X\i^L. tfznm^mnM/Xxap 
m^i^m^}'~rLxi>^\\ ^-miimpm. mmm 

[00291 (pfffl^^-yT^l 5) iS^^lO 
5 0'CC±tf. TMG. TMA. TV^-T. CP2M 

KUl 6J; Oi»'N'y K^-\' 'yrx;^;U^-*i:^^ 
V\ Mg^lXl OiVcmP H— rLiCrp^A lo.sGa 
0. 7 N J: 0 ^Sr-S. Pffll^^ Til 7 ^ 3 0 0 y /X h 
n-i.^Oj^T'^:^$«o pfH^^-zTltiO. 5/z 
mUlT. ? /^CC^f^ L<tiO . 1 mmTCOM^T'^:^ 
^■lirS^. p{i^-vvr^;&^'^^Ur$:vg1t^l^t::^t 

:i(r)pm^^ ^^/rmi5<nwm-<nTmimzmM.L 

^l^*^ 10:ty^Xhn-Aahc0j^j?'CJB^^5^ 
[00301 (pii3M-<Kei6) pfi^^ /T-^l 

5^:^m, SJ^TMG. cp2Mg. ryt-r$:ffl 
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■yrx^/l^^-^&^'pli^^-yT^l 5J;0i>^h^v\ M 

g ^ 1 X 1 0 20 /cD^ F-r G a N J: 0 p 

;^r-fF^16^0. IjJimcom^X'^^^^h.Z^m 

[003 11 {pm^yymii^mi(r)m.m^ 

Wm)U\i'^X. lOSOrT'Mg^lxlO^o/cH^F 
-rtstpMA lo.3Gao.8NJ:0=5r'S1^4 05^y^ 

Mg^lXlOi9/cia3F-rL^pMGaNj;0 

10 tchm^AO:^y^xhxi-M.ay^X'^^^'^h. ^ 

Lx;i<m^^^ii^ixioomur^L. rnm-o. 

m-ho piSl^^'vF^£7)MgW:^r2i^*i. 5X10 

[00321 (pii3y^^F^18=l^2^t^m3^0 

mitmm\m)mmz. io5ot;t\ piii^'^^yF 

H7£7)Jtt2, Mg$:lxiOi8/cm3F-rL;rcpM 
GaNJ:0^^1(^2cO^^l:ll^f4cl) ^0. 1// 
m^M^T'^:^^'^:, ^l^TMg$-2X1020/ciDPF 
20 -rL/cpMGaNJ:0=5r^l(l^3f7)^'fb^^9^f^ 
1) ^2 0 0:ty^XFO"AcOiiJ?'C^^^ii:-S>, p 
m^y^^ Ml StipM^O I nxA 1 vGai-x-YN 

(o^x. o^Y. Y.+x^Dx-mm^hzttn-^.n 

^L<tiMg^F-rL/v:GaNfc^ff. p^2\ 

bmhn^h\^it-^ v9^dimhtth. ±fzpmA 

1 Y G a 1 - ¥ N ^ ^ti^?f-m^mm(r> p fi ^ -y F ^ 1 
l\zmLX. >'^'yF^-V'yrx^y^aE^-coW^$v^^-^^:^l$!I 

^w^pm^^iy-^^hmtLx^ ^(^m-'^soo^ 

30 m::iy^9VmlS(n^^r')r^mm<^J:^P^t 

n±L\^it-^ y^t^%C:>ixx. m'f-cmm^. m& 

[00331 i^LhcO J: 0 C LTM'fb!|tJ^f4s 

fz^^~j'^^mm^nzii\.^x. mmw^%^ioo 
•err-- 'J yy^frv\ pm^mn^ Y-rLtzM^ 
^h^zmmt^^h. 

[0 0341 r^-'jy^f^. x.-^^^K^^t-^ 

IROaiL, ^3ti^-rJ:-5(c. R I E^^tci: O^Ui 
c7)pii3y:5^:7Ml 8h. pfflI^^/FH7t^x 
40 v^y^LX. AnmOyXhy^r^^^-rh'J vi^m 
z<r>Xd\,z. 'i^^X'Ohl.mzhhm^x 
hy>(yr!^<^0-/i^m^t'tt:zti,zX^. m^co^ 
hy^rV y 'JcDTifZm^-th J: 3 itZ^->xmm. 

*><£w^, mzmmm-mx ^^jihpm^yy m 

1 7ahcO^$r>J y'Jm^t^tZtmt U\ 

[00351 ')-/'Jmmk. pm^y^^vmism 
>y 'jmmm\.zN i /a u j: 0=5:^ phi® 2 1 f 

T^t^J^fi^L. pmii2 1tWDi!:^M£7)Mfl:!|^9^(*c 
liO(cS i O2 J: 0^S^J^2 5 S-?Bfl^t, <1C0^ 
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[0037] mSJ^fi^^Ga N^COMffi (mim^ 
ffi) T'^L. -eo^^C^S iO2tTiO2j;0=5:S 

[0 0 38] z<7)u-^^yy^y:c-xryr {mi 
t\i-hi-y^ti)m\^Lfzm^) x'^z-hi^yi^ffzm. 
mt. ^ti^ti(o^^'7^^-^^y'r^yifLx. m 
^x-u-^^m^mi^tztn^. ^iscrfcv^T, 

^^^2. 0kA/ciD2. TOmE4. OVX\ 

0 5 n mcomm^mm^^tl. 10 0 O^^tLb 

(rm^^^Lfz. 

[0039] 

rti. is^coAiizmm^tihm^comim^i^mcT) 
pmT-m^<r>mm^^^(^mmi>zm.LK-^mmm^:m 
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^tzt^zXO. li^:^^:m^z]«l±^^t^:lti^T^ 

[^1 ] ^m^co-mmm^z^hi.^Dm^<mm.^^ 
^-mmmmx'hh. 

[^2] if-m^com(nmmm\iZ^hi.Dm=f-<mm.^^^ 
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nM^y^^:^ h 
mitop 

^3C7)P 
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